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'&" The anomalous behaviors of thermal dynamic R T &' We investigated, using quasi-elastic and inelastic neutron
response functions and transport properties of T/'C L . Stable water 4300 scattering, the slow single-particle dynamics of water confined in
supercooled water imply the existence of a 0 ﬁ:. W TIK lab synthesized nanoporous silica matrices, MCM-41-S, with pore
Liquid-to-Liquid (L-L) transition line and the M diameters ranging from 10 A to 18 A (see Fig. 3). Inside the pores
associated second low-temperature critical of these matrices, the freezing process of water is strongly

. e . Supercooled
point. However, both the L-L transition line TH it inhibited. -
and second critical point are predicted to lie 4200 Fig. 3
inside the inaccessible “No man’s land.” (See e .
Fig. 1) -100|-  “No man's\ land" ‘&' We analyzed QENS spectra with a
relaxing-cage model (RCM) and
Fig. 1. Schematic illustration determined d the d temper;lturt; and
.| indicating the various phases of pressure dependences of the Q-
| liquid  water  (color-coded). dependent translational relaxation time.
Courtesy of Dr. O. Mishima. The 200 (See Fig. 4)
| figure is taken from H. E. Stanley, 0
B “Mysteries of Water” Les Fig. 1 .
Bl Houches Lecture, May 1998. '9- P/GPa Relaxing-Cage Model (RCM)
. Experiment Measures Double Differential Cross Section = dZO'H — Ufnkif S, (Q,®)
. Computer simulation image of the liquid-liquid phase Dynamic Structure Factor dQdw 4z kT
| separation in ST2 water , generated by P. Poole. (See Fig. 2)
Dynamics Structure Factor S,,(Q, ®) S(Q,w) = pR(Q, )+ (1— p)FT {FH (Q,t)R (Qo,t)}

&’ The calculated Q-independent average relaxation time (<t,>) shows a | =FT [intermediate Scattering Function Fy(Q. 0]

fragile-to-strong (F-S) dynamic cross-over transition for pressures less than Fr Q) =F(Qt)-R(@Qt) ForQ<11 A1 FR(Q.t) = 1, 50 Fy(Q,1) = Fr(Q,).
1500 bar.. l.kbove this pressure, it is no longe.r possible to discern the Fr@QO=FQbexp[ — (t/rf], tr=1,(Q)"; {1
characteristic feature of the F-S transition. (See Fig. 5~8) X 5 <T-r> =—I|—
: T F3(Q,t) is calculated from known proton density of states. B B
g Ay r TZaas iy =t Fragile r=1, exp{ DT, } Fragile-to-Strong (F-S) transition is defined as a
7 - Fig. 6 ; y e.g. VFT law T-T, temperature T, where:
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. A: P=100bar B: P=200bar | Arrhenius law T-T, T T Ty Ea
T T =200k T =200k £ -120 -100 -80 -60 -40 -20 0 ("C)
e A LY pr——— : = e —1
T=219K/ e || T=216K ., o . : .56 pa
T . ; : & ICE Il ICEl
- " . 1/ i L-=feol LIauD
v 'o I F 2.0 | ¥ ICE | o [
i . . I o 3 | 1 L-L Coexistenca Line 7% ~a ‘.
e C: P=400bar | v, »-*  D:P=800bar . | T { ‘*\:D - 2
T T 108k TTT <G08k %‘"’“} e e N 5
i Laddinmilad : Ll ot e - y
FTE210K ] 40 0 [ T=207K [4 0" | 2 ] ‘3}’ TMO B T
o~ ] i a 104 F-S Line; b N
T = : . = i L L "-._I T)< Widom Line ‘r"‘:\
*  E:P=1200bar | ‘ «* F:P=1400bar | ¥ ' i § : S ! 0.5 b‘:\ T i
. . it . 1 | »* vt b H
; s !
T/T.T,=189K TJT.T,=192K : S 7 b A
@ I I e | TR ] 8. 160 180 200 220 240 260 ’ 280
fa et T Fig. 10 : : '
| Mallamace et al. ™ ' =7 F Fig. 7 ot 9 . . 2
o | (to be published) ' % i_jA::f:cal.-mol i e New Phase Diagram (L Liu, SH Chen, et al, PRL 95, 117802 (2005)).
o | [Fig's JF o Prosaurn 2000 bme e e Discussions and Conclusion
| o T =AM DNE k) | o] e | (@& We detected a new kind of dynamic cross-over phenomena called
= ® -~ VFT Law fit i . T fragile-to-strong (F-S) transition in deeply supercooled water
& . ::‘n;:.:i Law fit |. s ;‘“m T experimentally, for the first time.
o — S — N L . —_ . J ..
. S — [ " 1 &' The high-temperature (fragile) liquid corresponds to a higher
| ) \RETI - P Lt B - St ifieTave density liquid (HDL), and the low-temperature (strong) liquid
O o - S ’ corresponds to a lower density liquid (LDL) (see Fig. 9).
2= ! AIEE .
; ’ | Liquids 7| \\/_‘ | 4 The F-S transition line is the so-called Widom line which is the
-5 J / |'I extension of the L-L coexistence line above the critical point.
- o] = AmbientP,T,=200K || & | [EEHELS
5 slleirsdisnd: &' We propose that the. lower end point of tl}e L-L coexistence line, or
S el the upper end point of the Widom line, is the second low-
. ST k& - temperature critical point (P.= 1500 #100 bar, and T.= 200 +8 K).
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